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Abstract

A deep space satellite downconverter receiver was proposed by Jet Propulsion
Laboratory (JPL) and NASA Lewis Research Center (LeRC) for the Naval
Research Laboratory’s (NRL) High Temperature Superconductivity Space
Experiment, phase-n (HTSSE-ll) program. Space qualified low-noise cryogenic
downconverter receivers utilizing thin-film high temperature superconducting
(HTS) passive circuitry and semiconductor active devices were developed and
delivered to NRL. The downconverter consists of an HISpre-select filter, a
cryogenic low-noise amplifier, a cryogenic mixer, and a cryogenic oscillator
with an HTS resonator. HTS components were inserted as the front-end filter
and the local oscillator resonator for their superior 77K performance over the
conventional components. The semiconductling low noise amplifier also benefited
from cooling to 77K. The mixer was designed specifically for cryogenic
applications and provided low conversion loss and low power consumption. In
addition to an engineering model, two space qualified units (qualification,
flight) were built and delivered to NRL. Manufacturing, integration and test of
the space qualified downconverters adhered to the requirements of JPL class-D
space instruments and partially to MIL-STD-883D specifications. The
qualification unit has ~50K system noise temperature which is a factor of three
better than a conventional downconverter al room temperature. ggmmercial
a}pplications such as inter-satellite links and V-SATS are envisioned to benefit
by >3dBlink margin, or a factor of 2 in antenna size, from a future hybrid
{TS / semiconducting cryogenic receiver employing new InP based HEM™ LNA.
n a spread spectrum communicatlion network, the number of users pe  beam

would more than double.



1. INTRODUCTION

The discovery of the high temperature superconductor YBa,CusgOyz.4in 1987 followed by

other ceramic superconductors brought in a rush 10 employ their exotic low microwave loss and
finite penetration depth characteristics in the fabrication of new and radical breeds of
microwave components. NRL's call for parlilchakgon in the }{ TSSE-l program was the first
serious attempt to develop(‘l;irTMS_ Conmpon’efxw@ for sr;ace applications. JPL participated in the NRL
HTSSE-l program by delivering low pass filters. jﬂ,S: passive components (such as filters,
resonators, delay lines,... ) are superior 10 the conventional planar circuits in their

performance and are also miniaturized. Active tﬂ”S:»_(_ilp_yjc,g§.are_a..p_[gn1j§_i_q future technology

mature with excellent performance in the areas of low noise amplifiers, and low conversion loss
mixer elements. For a cryogenic application,the marriage between t {1S passive components and

semiconducting aclive devices provides the best solution.

1 he purpose of the HTSEE-liprogramwas to demonstrate the funclionality of HTS
advanced devices and communication subsystems in space [1]. JPL and NASA LeRC joint
participation in the NRLHTSSE-lIprogram was made in an environment of cooperation
governed by the issuance of a memorandum of understanding between NASA and NRL.The JPL./
NASA LeRC team submitted a proposal to build a hybrid HT1 S /sémioonducting low noise
cryogenic receiver downconvertier for NASA applications. A conventional deep space satellite
receiver was bench marked for development. A frequency of 7.4GHz was chosen based on the
uplink frequency allocation of NASA'S JP{Decep Space Network. The proposal was accepted for
consideration by NRL. After successful delivery of a prototype unit to NRL {(March 31, 1993),

JPL/NASALeRRC were cleared for conlinued design, fabrication, integration, lest, and delivery of



two space qualified units. The qualification unit was delivered January 6, 1994 followed by a

flightunit on July 8, 1994. Results of I ITSSL -11 program will enable spacecraft designers to

evaluate thebenefits of using H1S components in space communication links.

1 he delivered cryogenic low noise downconverter receiver units were intended for
integration into the Advanced Research & Global Observation Satellite scheduled for launch in
1996 by Lockheed Corporation. The units were qualified by JPL as class-D space instruments
and adhered to some specific JPL requirements.T he JPL team which was responsible for the
integration phase of the project, also adopted some of the requirements of Ml L-ST D-883D
which applies to the integration and test of hybrid microclectronics.

k')
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In this paper, we present the__t_jes_igrlv and performance of space-qualified hybrid
semiconducting / HTS. 7.4 GHz cryogenic low noise receiver downconverter units which were
delivered to NRL. Performance comparisons between the delivered units and conventional state-
of-art receivers will be made. Advances in the relevant technologies subsequent to the
technology freeze date for this projecl, promise improved performance for a future hybrid
semiconducting/ HT1S receiver. Possible applications and market impacts of a future advanced
hybrid MMIC / HTS receiver will be identified. In addition, we will discuss the issues
concerning the integration of these units in accordance with the requirements of JPL class-D

space instruments and in partialadherence to Ml L-STD-883D.

RECEIVERDOWNCONVERTER DESIGN RATIONALE

ﬂ -y
“l hehybrid HT S / semiconducting cryogenic receiver downconverters were designed with

i

a single market in mind. NASA provides aninfrastructure of ground stations to track, monitor,

command, and communicate withthe b arth-orbitinganddeep space satellites. Deep-space




probes have specifications which set them apart from commercial satellites. These include low

bit rate communication transceivers, very low 1hm§h_9ld command receivers, and ultra stable

NTR

specific NASA needs. The hybrid t {f S receiver was conceptualized after considering a porlion of a
deep-space transponder where the impact of HIS insertion seerned the most beneficial. The
antenna and its associated sky noise temperature, and the pre-select filter in the RF signal path
establish a lower bound for receivet system noise. An HTS component with its inherent low
microwave loss is a natural candidate for the construction of front-end pre-select filter. A local
oscillator in a transponder design needs to satisfy stringent requirements such as high stability,
low jitter, low phase noise. As these characteristics are governed by the quality factor (Q) of
the resonator, application of planar t {TS resonators for the stabilization of the local oscillator

seems advantageous.

DESCRIPT ION OF THEDOWNCONVERTER

A block diagram of the H-[ S downconverter is shown in Figure 1. {t consists of an HTS pre-
select filter, a cryogenic low noise amplifier (LNA) using High Electron Mobility Tran sisters
(HEMT ), a cryogenic diode mixer, and a cryogenic Field Effect Transistor(FET) oscillator with

an HT S resonator. The HTS film is YBa1.95.80.05CU307.4(YBLCO) deposited only on one side of

lanthanum aluminate (LaAlO3) substrates.

Figure 2 is a picture of the delivered qualification receiver. 1 hewhite substrates are

Al,O3 and arc used in the conventional modules. The transparent substrates are typical of H1 S

circuits. The receiver components areintegrated into a package machined from Kovar. 1 he

package is hermetically sealed for protection against hostile pre-launch and dock time




environmen!. Cavity modes were considered for the design of the individual module

compartments. A septum separates the twostages of LNA to minimize RF interference. 1 he
individual circuits are mounted on Kovar carriers which are atlachedtothe housing using 0-80
screws and 0.001 inch thick indium foil shim for thermal sinking. Thermalanalysisindicated
that the temperature rise of HTS circuit in the vicinity of the oscillator device will not exceed

more than 1 degree.

The description of the individual downconverter components follows

HTS PRE-SELECT FILTER

1 he superconducting pre-selectfilter is a microstrip circuit on a 15.0x7x0.51 mm

.aAlO; substrate. The patterned microstrip conductor on the top surface is a thin film (--6000
A typ.)of YBLCO (T¢~89-92K, J.~3x106A/cm2 @77 K). Our work has utilized ablation targets
of nominal composition YBaj o5l ag o5C UsO7 «, because a smallamount Of La doping is reported to

produce higher YBCO transition temperature [2). We have found that the combination of
working at relatively short target-to-substrate distances and using the La-doped YBCO target
has resultedin better YBCO film quality and reproducibility with typical transition
temperatures ranging from 89 to 91 .5K. T hin film of YBLCO was deposited by laser ablation at

~800°C and 100 m7 orr of O,with a growth rate of ~3A/ sec at 10Hz laser repetition rate. An

in-situ layer of gold was sputtered on cooled t{1 S film (<1 OOW) prior to air vent at 10 mlorr
of Argon. Electrical contact pads were defined and -4000 A gold was evaporated by e-beam. T-he
filter pattern was milled by 500 ¢V Ar ionwhile the substrate was on awater cooled stage. The
in-situ layer of gold on YBICOHT S thin film guarantees low contact resistance betweerintthe gold

contact pads and t{ 1 S film. Additional gold at [lie contact pads improves bonding strength. Test
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bonding sites were placed along the edges of the substrate. Backside ©f the substrate consists of
Nb (125A) 1 Cu (1 p) / Au (300A) with copper providing the RF ground plane. Nb is a good

adhesion layer and gold passivates the copper layer.

The filter is a 4-pole parallel-coupled-line microstrip design with half-wavelength
resonators. In this structure, the narrowness of the passband and the number of poles is
constrained by size of the filter area. Six HTS filters, and a copper filler counterpart were
fabricated and tested. One HTS filler provided poor results due to problems in making proper
mechanical connections. All the remaining 5 HT S fillers had a better performance titan the Cu
filter at 77K (85K) by 0.5-0.6 dB (0.4-0.6 dB). At 89K, only one HTS filter performed
worse lhan copper (this HTS filter was inferior to the rest of the H-IS filters even at 77 K).
Figure 3 shows a typical response of the H1 S 7.35 GHz filter, together with the performance of
the counterpart copper filter, andthe transmission of a gold microstrip calibration line on
alumina all at77K. 1 he estimated insertion loss for the HTS filter alone is 0.2-0.3 dB at 77K,
an improvement of over 0.5 dBcompared to a copper film versionof the filter at the same
temperature. I-he simulation] data (using EEsof ™ ouchstone) is adjusted in Figure 3 for better
comparison. This adjustment was accomplished by use of 23.6 instead of 24 for the permittivity

of the laAlO3 substrate, withiout correcting for thermal contraction.

LOW-NOISE AMPLIFIER

Thel NA consists of two stages. achstage of the flight/ qualification (prototype) LNA
units uses a GaAs-based fujitsuft 1X15X (Mitsubishi4414C) HEM1 chip device. 1 he first stage
is designed for optimum noise¢figure atcryogenictemperatures. 1 he second stage is designed for

gain and to flatten tile response of theilwo stages together. it was found necessary in the case of




flight units to use a septumto isolate the wo LNA stages for higher stability and to eliminate
cross-stage talk. The layout of theLNA is shown in f igure4. Each LNA uses microstrip
circuitry with TiW-Au metallization cm split alumina substrates assembled with Ablebond 84:
1 LMI [3) cm a Kovar carrier . A shim is placed in the gap separating the two substrates,
grounded with the 84-1 silver epoxy, as the t{ EMT chip pedestal. The HEMT chip is also silver
epoxied to the pedestal and baked at 1500C for an hour. HEMT1chips were bonded to the bias

microstriplines via 0.0005 inch gold wires.

Matching is performed for both stages by use of quarler-wave transformers. Bias is
supplied at the gate by tying a high impedance l/4-wave line to the transformer. Drain voltage
is connected by 0.0005 inch gold wire bonds from the stabilizing resistor to the oulput
matching section. A coupled-line section is placed at the output of each stage for blocking of DC
voltages. 1 he filler acts as a DCblock for the amplifier input. “1 uning pads were placed adjacent
to transmission lines and wire bonds were tied from the transmission lines to appropriate pads

to improve response.

The amplifier modules were !ested at 77 K physical temperalure prior to integration
with other sub-modules. Theflight 1 NA noise temperature measured at the refrigerator port,
which includes the effect of refrigerator input coaxial cables arid test fixture losses, was less
than 44 K in the downconverter passband. Each connection included APC-7 hermetic feed-
through (-0.3 dB loss), 0.141 inch semi-rigid stainless stecel jacket coaxial cable (~0.16 dB
loss), DC block (-0.1 1 dB loss) andantisenhart transition (--0.16 dB loss). T he gain was 28

di3, with an estimated noise temperature of 21K for the tNA alone.




HTS RESONATOR STABILIZED OSCILLATOR

The local oscillator is a GaAs MESFET-based, reflection mode circuit implemented as a
hybrid microwave integrated circuit. 1 he circuit (Figure 5) consists of a single lanthanum
aluminate substrate on which passive elements of the circuit (stabilizing resonator, reactive
feedback elements, transmission lines, anti DC bias lines) are realized as microstrip elements
etched from a YBCO film deposited on the top surface. The HTS layers are as described
previously for the pre-select filler. The GaAs MESFET (Avantek AT F-131 OO-GP1 chip), which
is the active element of the circuit, is attached to the substrate using a conductive epoxy. One
thousands of an inch gold bond wires connect the MESFET and the superconducting lines: gold
contact pads sputtered in-situ on the superconducting lines provide low contact resistance. Chip
capacitors and resistors mounted next tothe substrate arc used 10 filter and de-couple the

transistor bias.

The design of the oscillator represented a compromise between circuit performance and
constraints for HTSSE -1l. Design considerations for this oscillator included minimizing size for
integration, minimizing power dissipation in the cryogenic package (to tens of mW), providing
enough RF power to drive the mixer (O to3dBm), and minimizing phase noise. Although an
oscillator using a resonator in the transmission mode (a 2-port resonator) should be less
sensitive to load pulling, bias drift, andripple, a design using @ resonator in the reflection mode
(a 1 -port resonator) was chosen 10 minimize complexity, size, and power dissipation. A linear

resonator coupled to the outp utline was used

T he output of the oscillator is near 84 GHzwith oulputl power levels of up to+ 10 dBrn

(into a 50 Q load). Typical operating conditions for the oscillator when incorporated into the



downconverter provide O to 413 dBm of output power with <50 MW of DC power dissipation.

Because of variations in thelaAlQ3 substrates, the YBCO etching, andthe YBCO material

properties, the output characleristics of individual oscillators are not identical and the bias
conditions for each oscillator must be individually tuned. Variations in the outpul frequency can
be on the order of i 20 MHz from 8.4 Glizand are bias and temperature dependent. Bias
dependence of output power and the oscillator frequency is plottedinFigure 6. Phase noise
performance of the oscillator is expected to be good, based on the high “Q” values of the
superconducting resonator. Unloaded Q's approaching 6,000 have been obtained from the best

resonators at this frequency.

MIXER

The mixer (Figure 7) is a hybrid microstrip circuit of 1iW-Au metallization on an
alumina substrate. The .(;.i.rg_qi.tdis based on singly balanced hybrid ring design to minimize AM
local oscillator noise and spurious signals and t0 conserve circuit arca. The circuit area is 0.8
inch?, as opposed 0 1.3 inch? for a comparable single ended mixer design. Since the mixer is to
be operated inside a cryostal, low mass is desirable to facilitate cooldown. A single-ended mixer
design would use only one diode and hence half the local oscillator power, but the requisite
filtering almost doubled the size relative to an equivalent single balanced mixer. A double-

balanced mixer would have higher conversion loss, but requires more power and its superior

bandwidth was not required.

In order to minimize the downconverler power dissipation load on the spacecraft cold
bus, themixer was designed to operate under “starvedlocal oscilleitor (nominally O dBrn).

Il ow barrier beam-lead Si Schotiky diodes (M/A Com MA40132) are used since the barrier
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potential is significantly lower than that obtainable with GaAs diodes. Diodes were evaluated to
temperatures as low as ~50K and no degradation in performance was observed. Integral quarter-
wave coupled lines are used to block DC from the oscillator and ILNA A ceramic chip capacitor on
the mixer's IF port blocks the passage of the bias vollage to the external connector. The hybrid
ring circumference is centered at the LO frequency to minimize LO feedthrough to the RF port.
Port to port isolation is good; -33 dB I. O-to-RF, 43 dB LO-to-l F, and 37 dB RF-to-l F
isolations. This prevents dynamic range reduction of the LNA. LO (sigma) port VSWR is 2.4:1.
T his poor return loss was correcledby a simple stub on the 50 ohm microstripline between the
mixer and oscillator. (Diode impedance was estimated by pumping the mixer at the desired drive
level and measuring the return loss at the alternate port with a network analyzer with the

matching stub in place; the LO was well behaved).

Quarler-wave radial stubs were usedtoterminate the RF and | 0 signals. DC biases of the
beam-lead diodes are adjusted for optimum ring diode port impedances to minimize conversion

loss of the mixer’. Reasonably good conversion loss (about 5.5 dB) was obtained.

integration
\

Every module of the prototype HT S receiver was designed for the best performance at
cryogenic temperatures. The issue of space qualification started with the development of the
qualification and flight H1 S receivers and power supplies. A preliminary review was heldto
discuss lessonslearned in the development of the prototype receiver and to investigate the task
plan for the development, integration, and lest of the space -qualified units. Limited avail able
time dictated minimum design changes Nevertheless, a simpler H1 S preselect filter design
was chosen. H1 S thin films fabricated at JPL Micro Devices |l aboratory were to replace

procured films from commercial HTS foundaries. ‘1 he LNA developmentteam adopted improved

i




HEMT devices to decrease the system noise figure. A new housing material and design was chosen
to provide hermeticity. Power supplies were addedto the list of deliverables. The production of
the H1 S receiver modules and housings, the power supplies, and their integration and tests were
now subject to JPL class-D spaceinstruments {4} and MIl -S1 D-883D requirements (partial).
The burden of adherance to the requirements were mostly in the integration and test phases of

the flight units at the system level. We now describe the development of each individual module.

1 hekindividual circuits were mounted on Kovar carriers. The Kovar material procured
was screened against y to « transformation above 77K (according to MIL-1-2301 IC). The
carriers were machined flat with 4 0.0005 inch accuracy over their entire surfaces. They
were gold plated (0.0001-0.0002 inch) according to Ml L-G-45204C Grade C Type Il over
0.00002-0.00004 inch nickel flash, annealed to 350°F, and inspected for any sign of metal

adhesion failure.

[-he HTS thin film of YBLCO was prepared as described before.in-situ deposition of a
thin layer of gold guarantced low contacl resistance. The gold layer also protected the YBLCO film
from subsequent photolithographic processing. No post-deposition annealing of the YBLCO films
or gold contacts was performed. AC susceptibility transition measurements were performed to
select suitable films for filter and oscillator circuit fabrications. 1 he criteria for selection
process were AC susceptibility onset transition temperature greater than 91 K and transition
width less than 1 K. It was empirically determined that films which met these criteria

performed well in microwave circuits.

Along with eacti 1x1 cm? YBLCO film, a smaller “sister chip,” was fabricated. 1 he
“sister chips,” were tested for film adhesion. 1 he normaf-metal ground plane and gold contact

layer on the YBLCO were subjected to a simple“lapetest,” inwhich anadhesive tape is applied
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to the film surface, then peeled off. If no metallization was removed by the tape,the HTS film

was considered satisfactory.

In order to test the strength of wire bonding to the gold contact pads on the HTS films,
gold wires or ribbons were bonded on the *“sister chips,” and pulled to break. Wire bond
failures at its heels are indicative of improper settings for the bonding machine. Appropriate
bonding machine settings were obtained after multiple trials and errors. Further failures

occured at higher forces indicative of metallization adhesion strengths.

The HTS films were attached to flat Ni-Au plated Kovar carriers using silver-filled
epoxies (Ablebond 84-1 LMI). The pre-select filter was attached to an individual carrier. The
oscillator circuit was attached together with the mixer onto a single common carrier (a small
alumina substrate with a 50 ohm TiW-Au matching microstripline separates the two circuits).
The GaAs MESFET chips were attached on HTS oscillator circuits with Ablebond 84-1 LMI. The
curing of Ablebond 84-1 LMI was done according to the schedule of 1 hour at 150°C. This is one
of the recommended curing schedules by the manufacturer [3]. Ablebond 84-1 if cured
according to this schedule in air results in 0.260/. Total Mass Loss (TM L), 0.01% Collected
Volatile Condensable Material (CVCM), and 0.12% Water Vapor Retained (WVR) [5]. This
silver epoxy therefore satisfies NASA standards for space-qualified epoxies [5}{TML<1% and
CVCM<0.1%). In addition Ablebond 84-1 LMI adhesive meets the requirements of MIL-STD-
883C, method 5011 as reported by the manufacturer [3] (MIL-STD-883D method 5011.2
provision 3.5.3 governs oulgassed moisture to be less than 0.50/! V/V, the nature of other
gaseous species presentin quantities over 0.01°/0 V/V shall bereported) Corrosive contents of

the outgassed malerials arc! important in a hermetically scaled package.

Farly inthe project, We studied the effect of curing schedule on H1 S thinfilms procured
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from an {1 S commercial foundary. Metallic pads were fabricated onthe superconducting lines

by e-beam evaporation of silver and gold with subsequent annealing Of the H1S filmin oxygen at
4250C for 50 min. Effects of curing cycles on the transition temperature of the H1 S film in
combination with different etchants, annealing for 1 hour @150°C in air, and 24 hours

@1 000C in low vacuum was studied. The results indicated that for a HTS thin film of T,~90K,

the degradation was ~0.5K maximum, In one case, for a lower quality HTS film with initial

To~88K, T dropped by more than 8K maximum. In our flight receivers, we used HTS films with

in-situ gold layer which requires no annealing.

Alumina with TiW-Aumetallization was used for the LNA substrates. Some procured
substrates were screened with annealing 10 3500F by manufacturer. T hey were inspected for
any sign of metal adhesion failure. L NA circuits consist of two sections which were mounted on 3
Kovar carrier with Ablebond 84-1 LMI allowing a smallgap in between. A piece of Kovar
(0.015 x 0.003 inches) was cut and glued to the carrier in the gap withithe same epoxy. T his
piece functions as a pedestal for the HEMT device. Additional chip capacitors and chip resistors
were mounted to the carrier to provide bias voltages for the HEMTs. Ablebond 84-1 LMI was
used for all LNA assemblies. 1 he epoxy was cured in an oven according to a recommended
manufacturer curing schedule. A Fujitsu F} IX-15X was placed on top of the pedestal with 84-1
LMl epoxy and annealed for an additional curing schedule time. All HEMTs, resistors,
capacitors, and TiW-Au circuit elements were bonded using 0.0007 inch gold wire. The wire
bonds were pull tested destructively on additional test circuils. The pull tesls satisfied ?.0 gram

minimum failure strength as required by MI L.-S-I D-8830 method 2011.7.

LNA stages were tested al 77K in a fixture similar to the final assembly housing. A DC
block was used for the tests 10 prevent bias voltages connecling to the input port. Noise

temperature and gain were measured in laboratory using a Berkshire Technologies [6] supply.
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Wire bonds were added to t NA A/4 transformation stage totunethe circuit for the best noise

figure. 1 he gate voltages and drain currents of the two LNA stages were adjusted for the optimum
performance. The LNA first stage provides fronl-endlow noise figure while the second stage is
tuned for maximum gain. When a satisfactory performance was achieved, a single LNA module

was delivered for integration.

T he GaAs MESFET transistor contacts to the oscillator HTS circuit were made with 0.001
inch gold wire. The oscillator circuit was later populated with chip capacitors and resistors as
described above. The oscillator was tested alone at 77K and its stability and phase jitter were
investigated qualitatively [7]. Bias and temperature dependence were also measured [7]. The
best unit was integrated with a mixer circuit anda 50 ohm transilion microstripline on a single
Kovar carrier. T he overall performance of mixer / oscillator module was tested one more time.
Due to high VSWR of mixerl O port, astub microstripline was added to the 50 ohm transition
line between the oscillator and mixer circuits. Wire bond jumpers protected the diodes during
the assembly and bonding process. The best performance module was delivered for integration in
the final space-qualified units. NASA LeRC performed vibration lests at the module level before

its delivery.

All the modules were integartedin a Kovar housing. 1he Kovar material was additionally
screened at JPL against y to o transformation above 67K (M IL-1-2301 IC). This
transformation results in local deformation which could cause loss of hermeticity if it occurs in
the vicinity of one of the soldered-infe edthro ughs. 1 he housing was gold plated in the same
procedure as for the carriers. 1 he weldscam lips on the housing andthe lid were masked before
this process to avoid gold plating which would haveintertered with the herimetic scaling

process.




A hermetic DC connector was soldered irt with Sri-63 at 200°C. Space-qualified magnet
wires were laid down and dresscd over a 10 mil thick alumina subsirate on the housing floor
using Ablebond 84-3 non-conducting epoxy. This epoxy also satisfies NASA outgassing

requirements as well as adhering to MIL-STD-883C method 5011 specifications.

“K connectors M" [8] were used for the RF input and IF output of the receiver housing.
Hermetic K-connector glass bead feedthroughs were soldered in place with Sri-62 and the

housing was leak-checked after three thermal cycles between room temperature and 77K.

Fifty ohm TiW-Aumicrostriplines on alumina substrates were prepared as RF
transition sections between modules. Additional CrCu-Au lines were used as DC standoffs. These
were epoxied to the housing floors using silver epoxy Ablebond 84-1 LMI and cured according to
a manufacturer recommended schedule. The bias magnet wires were soldered down to make

appropriate connections.

I-he modules were screwed down in their cavities inside the receiver housing with 0.001
inch iridium foil shims between the housing floor and each module carrier’ for good thermal

conduction. Space-qualified #0-80 screws were torqued to 14 inch-Oz.

One thousandth of an inch diameter gold wire and 0.0005 x 0.003 inch gold ribbon were
used for RF and DC connections. Two wires or ribbons for each connection were made for DC
connections and RF connections between substrates to avoid single point failures. A single
ribbon was silver- epoxied between each of the "K connector M"f{eedthrough pins arid a
microstrip line at the RF input arid the IF- oulput. Samples of 10 bonds were tested for each type
of bond and pulled destructively, except for the bonds to the HEMTs and FET where fewer than

10 samples were available. Bonds to the substrates passed pull tests (per MIL-STD-883D
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method 201 1.7), of 2.0 gram for 0.0007 inch diameter gold wire, 2.5 gram for 0.001 inch

diameter gold wire, and 4.5 gram for 0.0005 x 0.003 inch gold ribbon. Bonds made to gold
bonding pads on YBLCO deposited using the in- situ process described above passed these bonding

tests more readily than bonds o the commercialFETs.

At this stage, the integrated 7.4 GHz t-n S receiver was tested at 77K and optimized noise
temperature and gain were obtained by tuning of the bias voltages and currents. The receiver
was removed from the cryogenic set-up and all inside screws were re-torqued and staked with
epoxy 2216 [9]. Some of the long ribbons utilized for DC or RF connections were staked also
with epoxy 2216 cured for 24 hours at room temperature 10 satisfy NASA outgassing
requirements [5]. The use of this epoxy was minimized because it does not satisfy MI L-STD-
883. The lid was placed after pre-cap quality inspection of the housing. Afterthe capped
enclosure was vacuum baked at 1000C for ?4 hours, the housing was laser scaled under mostly
helivmatmosphere according o a suggested inodificationto MIL-STD-883D method 1014.9
[10]. The deviation is as a result of filing the enclosure with helium gas instead of argon.
Standard formulas which calculate the leak rate of a hermetic package after helium bomb are no
longer valid. The HTS receiver was tested again after being sealed. Meanwhile, space-qualified
power supplies were being built at JPL. 1 he construction, integration, and tests of the power
supplies adhered to the requirements of JPL class-D instruments [4]. 1 he HTSSE-Il power
supply provides necessary voltages for five active devices inside the sealed downconverter. A
total of seven voltages are needed including the drain and gate voltages for the LNA HEMTSs, the
oscillator MESFET, and the mixer diodes. In addition, the powersupply has a voltage sequencing
feature for the HEMT devices. 1 helLNA gates were servo controlled to maintain the LNA drain
currents. Devices were  also current-limited. ‘1 he bestperformances of the HT SS [7-11
downconverters were obtained through optimization of the bias voltages. 1 he tests showed that

variations in the bias voltages withind 10% of the optimum settings do not change the
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performances of our downconverter significantly. Nevertheless, the HT SSE-Il power supply
was designed such that thevoltages delivered al the downconverter pins were independent of
voltage drops across the wires between the power supply and the downconverter. T his
precaution was undertaken because we did not know the resistances a priori. The temperature
- profile and physical length of the wires running between the cold bus and the ambient platform
was unknown. We have utilized sense wires on the voltages provided to the LNA drains, the
oscillator drain, the mixer and common to guarantee the voltages delivered were exactly the
optimized values. T his led us to have a total of 12 wires connecting to the downconverter, and
resulted in some concern about the heat load for the cold bus. The power supply and HTS
receiver were integrated and tested together. Potentiomelers in the power supply were replaced
with fixed resistors. BothHT S receiver and power supply qualification and flight units were
tested against NRL supplied environmental requirements (vibration and thermal vacuum

cycling). Bach unit was tested after each single changetoqguarantee early detection of failures.

Finally after 56 hours operation, 16 cycles to cryogenic temperatures, and 44 on-off

switchings the flight receiver and power supply were delivered to NRL.

HTS RECEIVER PERFORMANCE

1 he best performance of the units was obtained for the qualification receiver. Noise
temper ature of 50K and gain of 18 dBwas obtained at external refrigerator ports as is
illustrated in Figure 8.F or the flight unit, we obtained noise temiperature of 7646 K and gain of
1531 1 5L dBinthe If frequency range of 950-1250 Milz. 1 henonlinearity of the flight
rece iver was lested agamst mpul power 1o vels, Atinput power of -40 dBm, deviation from

lincar behavior starts with appearances of higher frequency harmonics. Table 1 represents the




intermodulation characteristics of the flight receiver.

1 he performance of the hybrid H1 S / semiconducting 7.4 GHz downconverter can be
compared with the state-of-art conventional receiver. A prototype deep space receiver uses a
front-end filter with 0.73 dBinsertion loss. This receiver offers a system noise temperature of
129K and 27 dB gain at room temperature. The noise temperature of our qualification HTS
receiver was 50K when operating at 77K ambient temperature. Total power consumption was
only about 70 mW. Cooling of the state-of-art conventional receiver will most definitely

improve its performance.

A future hybrid HTS receiver can benefit from the advantages of the new InP based HEMT
devices. A low-noise amplifier based onInP technology can offer ~7K noise and --28 dB gain. 1 he
noise temperature of a future hybrid H1 S receiver earl reach 31K F or comparison with the

conventional receivers, we have considered two applications:

1- f-or a hypothetical communication between a low- Earth-Orbit (L EO) and a Geostationary -
Earth-Orbit (GE 0), the noise temperature of a system with the HTS receiver is 31K. This will
improve the signal-to-noise ratio by 3dB which directly translates o decreasing the size of the

receiver antenna or the transmitter power by half.

2-In a V<'ary Small Aperture 1 erminal(VSA1 ) application, the future hybrid HTS receiver can
be used inside acryostat. In the cryogenic settings arid with fosses of cryogenic coaxial cables
used for interfacing the rec eiver to ambient temperature, total noise temperature of the
receiver is 41K, ‘1 his will still improve the data rate by atfaclor of 2. If one deals with a Spread
Spectrum Multiple Ac cessing communication scheme, duelothe inherentnonlinear nature of

the link, the number of users per beam can more than double as a result ofuse or the HTS
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receiver on VSATS.

CONCL USION

downconverter receivers to NRL's HTSSE-Il program. T he qualification unit has a noise

temperature of 50 K when operating at 77K. This represents improvement over state-of-art
conventional receivers. A future hybrid HTS receiver using InP based HEMT technology can
offer substantial benefits to .the commercial communication industry in applications such as

~ ——

intersatellite-link and VSATs.

In continuation of this project, a TRW / NASA L¢RC / JPL team has devised an
experiment to valid ale a miniature, high performance receiver that blends three

complementary technologies; mechanical refrigerators, H1S, and PHEMT Monolithic Microwave

Integrated Circuits (MMIC). Specific; ally, a HTS band pass filler, InP MMIC amplifier, HTS-

~

sapphire resonator stabilized local oscillator (LO), and a miniature pulse tube cooler

will be integrated. Tile cooled 20 GHz downconverter will be integrated onto the Space Shuttle.

A signal will be transmitted to the receiver via the Advanced Communication Technology
Satellite. T he bit error rate (BER) will be measured in situ. The receiver is also
equipped with a radiometer mode so that experiment success is not totally contingent
upon the BER measurement.  In thismode, the receiver uses thetbarth and deep space
as a hot and cold calibration source, respectively. The (experiment closely simulates an
actual cross-link scenario. Since thereceiver pertormance depends on channel
conditions, its true characteristics would be masked ina Terrestrial measurement by

atmospheric absorption and background radiation. Furthermore, the receiver’s

?0




performance depends on its physical temperature, which is a sensitive function of

platform environment.
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FIGURE CAPTIONS:

Figure 1- The block diagram of the hybrid High Temperature Superconducting / semiconducting
‘ 7.4 GHz low-noise downconverter.
Figure2- A picture of the space-qualified qualification receiver prior to hermetic sealing. The

white substrates are Al2Oszand the dark (actually transparent) substrates are LaAlQ3 which are

used for HTS circuits.
Figure 3- A typical response of an H1S filter at 77K together with the performance of a similar

copper filter on LaAlO3. The dashedline is the result of simulation of the filter performance by

adjusting the dielectric constant to 23.6.The solidline is the transmission of the test fixture
with a 50 Ohm gold line replacing the titters for reference.

tigure 4- 1 wo stages ofthe 7.4 GHizlow-noise amplifier withtheir circuit layouls. Each stage
uses split alumina substrates with the t it Ml device placed on a Kovar pedestal.

Figure 5- A circuit layout for the 8.4 GHz H{1 S oscillator with a conventional MESFET,

Figure 6- Output power (filled signs) and frequency for the HTS local oscillator versus MESFET
drain voltage as a function of the gate voltage (circles; -0.25 V, squares; -0.50 V, triangles;
-0.75 v).

Figure 7- A circuit layout for the cryogenic mixer. Integrated quarter-wave couplers are
utilized in LO and RF inputs.

Figure 8- Final electrical performance ofthe qualification t {1 S receiver as a function of RE
input frequency as determined by its noisemeasurement.

1 able 1- Intermodulation characteristios otthe flight NS receiver vs RE input power.

26




!

1 GHz

FILTER

OSCILLATOR
8.4 GHz

SUPERCONDUCTING
COMPONENTS

Ll B et T T S WS S ——

vaVvVal







Transmission (dB)

1 CM AU LINE @ 78K

— — o
. . \
/ =TT T T~ \
\ , Yy
MODEL (LOSSLESS) \
..~ \/ HTS FILTER @77K ?—
CU FILTER @77K \

u. | \

7.1 7.2 7.3 7.4 7.5 7.5

Frequency (GHz)

7.7







NrtoH
Usc05.10

Rezonator

Source Bias

Drain Bias




abejjon uieig

Frequency (GHz)

— 05'g

Power in dB

© 005°S




LO INPUT

STGHA PORT)
IF/DC BloCK |
RF/.0 VIRTUAL GROUND
SILICON BEAM LEAD ( TYPICAL
DIODE LOCRTION
(1yprcay) —— | ,
HBRID RING | IF/BC B.0CK
COUPLER RF INPUT
(DELTH PORE|
LON PASS FILTER v

"NASA HTSSE-II
SNRL/1

IF OUTPUT




700 800 900 1000 1100 1200 1300 1400

25 4 \ 3aD
*
20 r ,;\HPJDH_ e R o | -250 _
15 L | T @
% JM 200 3
S 10 ¢ « L®;
I %\c \ ™ Ll1s0 ® 9
0 &%ﬁ - i c
, -
51 7 - Rs0 @
10 . ‘ = 0

700 800 900 1000 1100 1200 13w 140
crequency (MHz)




F ¢ m R po
~ Bm G
R P - - -
mm aC [V i o Y EY) SRV hito o ] =1} -l -4 _TdkW 2N xS -
l. i/ =50, 33! -Jg1 =25 8B7 27 TT7[-1A 17 .+ 24 + Ascn
el mmem vt 4733004283 3733 7265
e 2687 27 -25.87 -2883 -26.0/1-26.6/ -28.5|-26.83 -25.5 8.416
5.816
ZoZwY




